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Abstract
The aim of this research is to reveal the real energy production over all Prefectures of Greece, produced by a typical medium 
scale photovoltaic (PV) power plant installed on one-axis and two-axis mounting systems. Previous investigations proved a 
remarkable difference between real and predicted energy production regarding fixed mounted PV systems. The main scope of 
this investigation is to further compare the efficiency and the energy produced by one and two axis tracking systems. Real 
measurements have been collected from more than 40 single and more than 80 dual axis PV plants all over Greece, while these 
measurements are compared to the simulation results for each corresponding site. It is shown that there is still a significant 
divergence between real measurements and simulations by known software packages. The produced photovoltaic energy yield 
maps concerning single and dual axis PV systems can be a powerful tool for potential investors, banks and installers for more 
accurate predictions of the expected annual energy yield of such PV installations.
© 2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD).
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1. Introduction
Solar power has been used on various forms for over 100 years. Early on, focused sunlight was used to heat 
water, which was converted to steam and used to turn a turbine. Then, electric energy was produced by solar power 
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using photovoltaic cells. The first silicon solar cell was made in 1954 with a conversion efficiency of 6%. Later in 
the middle 60s solar panels became commercially available [1].
Photovoltaic panels can be mounted on the ground, but away from trees or high objects that can shade them. 
Important role in the system’s efficiency plays the tilt and the location on which the photovoltaic plant is installed. 
For Greece a typical tilt of PV panels installation is 20o-30o, depending on the site. Another important factor is the 
thorough design of the PV panels in order to avoid shadowing effects. PV panels are usually mounted on fixed 
mounting systems, however an advanced mounting technique is to use a solar tracking system. Maximum electric 
energy is yielded when direct irradiance is vertical on the PV panels. With this technique the orbit of the sun is 
monitored; the solar panels are moving in such a way that the solar rays reach them vertically so the maximum 
generated electricity is produced. There are two different solar tracking systems:
x Solar tracking system of one axis (single axis)
x Solar tracking system of two axis (dual axis)
The efficiency of a solar tracking system is expected to be higher than the one of a fixed PV system. The increase 
of the produced energy varies between 20 – 40 % depending on the mounting type and the installation site [2, 3, 4]. 
Supplier companies claim that the increase of the produced energy is even higher. On the other hand, there are many 
software packages that simulate the operation of a PV plant taking into account most of the design parameters and 
constrains, as well as the local meteorological conditions and estimate the expected annual yield. Such simulations 
show an increase of 5-30% for single and dual axis PV systems. It is obvious that there is a huge divergence 
between really produced and simulated energy production data. In [5] a detailed comparison between real and 
simulated data for fixed mounted systems in all Greek prefectures was presented, showing huge divergence.
Similar studies with comparisons between predicted and measured data are presented in [6, 7, 8, 9] for PV plants 
in Turkey, Egypt, Pakistan and Spain. Moreover, there are many models for forecasting the solar radiation 
concluding in the known solar radiation maps. Vokas & Lagogiannis in [5] concluded and presented illustrative PV 
energy production maps based on real data for all Greek Prefectures. However, until now there are not any real 
energy data per region in Greece (and also in other countries) derived from medium scale PV parks with single and 
dual axis tracking systems. For the purposes of this study real measurements have been taken from 42 Single Axis 
PV parks from 13 Greek prefectures and 82 Dual Axis PV parks from 21 prefectures.
These data are compared to simulated results derived from the implementation of a known software package for 
the same sites that the measurements were taken showing significant divergences. The result of this study is to 
conclude to illustrated maps per Prefecture in Greek region, which will provide the energy produced by single and 
dual axis PV plants. These maps can be a helpful tool for investors, Authorities, Banks and a useful approach of 
relative studies. 
2. Proposed methodology
For the purposes of this study, theoretical simulations for single and dual axis systems were made and compared 
to measured data of these systems in the corresponding sites. The study consists of 4 different comparisons as shown 
in Fig. 1. More specifically, comparisons were performed between:
a) Single axis vs Dual axis systems, Theoretical (simulation) comparison
b) Single axis vs Dual axis systems, Real (measured) data comparison
c) Single axis (simulation) vs Single axis (measured) comparison
d) Dual axis (simulation) vs Dual axis (measured) comparison
The sample consists of measured energy data from 42 Single Axis PV parks from 13 Greek regions and 82 Dual 
Axis PV parks from 21 prefectures. The measured energy data have been collected from various trustworthy 
companies in Greece and Sunny Portal website. Sunny portal is a web site with real time-recorded energy data from 
many PV plants around the world. After gathering all measured data, the annual average energy in kWh/kWp was 
calculated for each prefecture. 
After analyzing all the annual available measured data of the single and dual axis PV plants, it was concluded 
that a great majority of them was not operating optimally, mainly because of bad Operation & Maintenance reasons. 
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The lack of complete and sufficient annual energy data from all Greek prefectures for Single and Dual Axis PV 
systems, forced us to reduce the examined sample into the data derived from eight (8) Greek prefectures.
On the other hand, the predicted energy production was performed by PVGIS. PVGIS is a database [10] of Solar 
radiation and temperature data designed with web interface and let user to calculate the energy output of a 
photovoltaic system. PVGIS is also used for scientific purposes, providing the possibility to study the performance 
of PV systems over large geographical areas. More specifically this software has interactive maps for Europe and 
Africa continents. Using the PVGIS software [10] the predicted energy from the examined Greek regions was
derived. An average of five simulations per prefecture has been performed. 
Fig. 1: The four (4) comparisons of the proposed methodology
There are more than 250 single and dual axis PV systems installed in Greece during the last 6 years. The largest 
of all is the one installed in Voski, Imathia Prefecture, having an installed capacity of 8MWp (almost 33000 PV 
modules) using a single axis PV tracking system, as shown in Fig. 2. 
Fig. 2: Part of the largest single axis PV plant in Greece (8MWp), (source: PV Veroia SA, Synergia SA)
The methodology uses two (2) different comparisons, as shown in Fig. 3. Because of lack of energy data for all
Greek prefectures regarding both Single and Dual Axis PV systems, authors proceeded to a correlation between fix-
mounted [5] and Single axis data for the above mentioned eight (8) prefectures. This correlation coefficient was then 
applied to the fix-mounted energy data of all rest prefectures, using the data of [5], in order to calculate the relative 
values for single axis PV systems in these prefectures. The same methodology was followed for dual axis systems.
Fig. 3: The two comparisons of proposed methodology concerning the existing data of eight (8) prefectures
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3. Results
3.1 Single axis vs Dual axis systems, Theoretical (simulation) comparison 
The first comparison is referred to simulation results between Single and Dual Axis PV systems, as shown in 
Table 1. The examined sample was derived from eight (8) prefectures (Kilkis, Ilia, Serres, Trikala, Evros, Karditsa, 
Magnisisa and Rodope). More than 80 simulations have been performed using PVGIS concerning single axis and 
dual axis mounting systems). The theoretical difference percentage between single and dual axis systems varies
between 1,34% for the region of Trikala and 2,27% in the region of Magnisia. It is obvious that the difference 
between the two system types is very small in regard to the expected according to literature, a fact that shows that 
the theoretical approach followed by many engineers and researchers is not always reliable.
Table 1: Theoretical (simulated) data comparison between Single and Dual axis PV systems in the selected prefectures
Prefecture Single Axis 
Theoretical (simulated) 
(kWh/kWp.y)
Dual Axis 
Theoretical (simulated) 
(kWh/kWp.y)
Difference between 
Single and Dual Axis
Ilia 1613,8 1646,0 2,00%
Serres 1519,7 1552,6 2,16%
Karditsa 1564,4 1591,4 1,73%
Evros 1496,1 1526,3 2,02%
Kilkis 1598,0 1630,7 2,05%
Trikala 1573,1 1594,3 1,34%
Magnisia 1614,5 1651,1 2,27%
Rodopi 1509,7 1540,6 2,05%
Average percentage difference 1,95%
3.2 Single axis vs Dual axis systems, Real (measured) data comparison
The second comparison is referred to measured energy data between Single and Dual Axis PV systems. The 
examined sample was derived from eight (8) prefectures (Kilkis, Ilia, Serres, Trikala, Evros, Karditsa, Magnisisa 
and Rodope). Twenty six (26) PV plants with single axis mounting systems have been compared to 39 PV plants 
using dual axis mounting systems. The average difference percentage is 8,47% as presented in Table 2. This 
percentage is expected and remarkably higher than the corresponding theoretical results of paragraph 3.1.
Table 2: Real (measured) data comparison between Single and Dual axis PV systems in the selected prefectures
Prefecture Single Axis 
Real Data (kWh/kWp.y)
Dual Axis 
Real Data (kWh/kWp.y)
Difference between 
Single and Dual Axis
Ilia 1927,2 2032,2 5,45%
Serres 1863,6 1988,1 6,68%
Karditsa 1922,1 2058,7 7,10%
Evros 1813,4 2090,4 15,27%
Kilkis 1924,8 2046,9 6,35%
Trikala 1847,7 2039,0 10,36%
Magnisia 1943,5 2071,8 6,60%
Rodopi 1948,7 2143,4 9,99%
Average percentage difference 8,47%
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3.3 Single axis (theoretical) vs Single axis (measured) data comparison
The third comparison is referred to Real (measured) and Theoretical (simulation) results concerning Single Axis 
PV systems. The examined sample was derived from 8 Greek prefectures (Kilkis , Ilia, Serres , Trikala , Evros 
Karditsa , Magnisisa and Rodope). Detailed annual measurements from twenty six (26) PV plants equipped with a 
single axis mounting system were used. These measurements are compared to 40 simulations that have been 
performed through PVGIS. The comparison results between theoretical simulations and real measurements for 
Single Axis PV systems are presented in Table 3. The average percentage difference is 21,69%, a huge divergence 
between them.
Table 3: Theoretical simulations and real measurements comparison for Single Axis PV systems
Prefecture
Single Axis 
Theoretical (simulated) 
(kWh/ kWp.y)
Single Axis 
Real (measured)      
(kWh/ kWp.y)
Difference between 
simulated and measured data
Ilia 1613,8 1927,2 19,42%
Serres 1519,7 1863,6 22,63%
Karditsa 1564,4 1922,2 22,87%
Evros 1496,1 1813,4 21,21%
Kilkis 1598,0 1924,8 20,45%
Trikala 1573,1 1847,7 17,46%
Magnisia 1614,5 1943,5 20,37%
Rodopi 1509,7 1948,7 29,08%
Average percentage difference 21,69%
3.4 Dual axis (theoretical) vs Dual axis (measured) data comparison
The fourth comparison was made between measured energy data and simulation results concerning Dual Axis PV 
systems. The examined sample was taken by 8 Greek prefectures (Kilkis, Ilia, Serres, Trikala, Evros, Karditsa, 
Magnisisa and Rodope). As already mentioned, 39 PV plants using dual axis mounting systems have been measured 
and compared to 40 simulations that have been made to each corresponding site. The average percentage difference 
is 29,48%, as presented in Table 4.
Table 4: Theoretical simulations and real measurements comparison for Dual Axis PV systems
Prefecture
Dual Axis 
Theoretical (simulated) 
(kWh/ kWp.y)
Dual Axis 
Real (measured)      
(kWh/ kWp.y)
Difference between 
simulated and measured data
Ilia 1646,0 2032,2 23,46%
Serres 1552,6 1988,3 28,05%
Karditsa 1591,4 2058,7 29,36%
Evros 1526,6 2090,4 36,96%
Kilkis 1630,7 2046,9 25,52%
Trikala 1594,3 2039,0 27,89%
Magnisia 1651,1 2071,8 25,48%
Rodopi 1540,6 2143,4 39,13%
Average percentage difference 29,48%
3.5 Comparison between Fix-mounted and Single axis, Real (measured) energy data
The examined sample was derived from eight (8) prefectures with both Fix-mounted and Single Axis PV 
systems. Annual measurements from twenty six (26) PV plants equipped with a single axis mounting system and 
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annual measurements from thirty five (35) PV plants with fix-mounting systems were used in order to obtain a 
reliable comparison. In Table 5, the Real (measured) data comparison between Single Axis and Fix-mounted PV 
systems is presented.
Table 5: Real (measured) data comparison between Single Axis and Fix-mounted PV systems
Prefecture
Single Axis 
Real (measured)      
(kWh/ kWp.y)
Fix-mounted
Real (measured)         
(kWh/ kWp.y)
Ilia 1927 1680
Serres 1863 1560
Karditsa 1922 1500
Evros 1813 1470
Kilkis 1924 1520
Trikala 1907 1521
Magnisia 1943 1490
Rodopi 1948 1437
Average 1906 1522
Difference in Percentage:  25,2%
The average difference percentage between the average performance in the examined eight (8) prefectures 
concerning single axis and fix mounted PV systems is found 25,2%. 
In order to find out the performance of single axis systems for all Greek prefectures, it is necessary to deduct the 
above resulted difference to the fix-mounted PV systems of all the rest prefectures. The results of this correlation are 
shown in Table 6, where the correlated values of Single Axis PV plants for all Prefectures in Greece are presented.
Table 6: Correlated energy production for Single Axis PV systems
Prefectures
Fix-mounted 
(kWh/kWp.y)
Single Axis 
Correlated Data
Drama 1510 1890,6
Xanthi 1500 1878,0
Lefkada - -
Kavala 1440 1802,9
Kefalonia - -
Thessaloniki 1480 1853,0
Zakynthos - -
Corfu - -
Pella 1640 2053,3
Imathia 1580 1978,2
Limnos - -
Arta 1620 2028,3
Preveza - -
Ioannina 1670 2090,9
Chalkidiki 1520 1903,1
Grevena - -
Thesprotia - -
Pieria 1420 1777,9
Larissa 1550 1940,6
Aetolia 1620 2028,3
Kozani 1520 1903,1
Evritania 1450 1815,4
Trikala - -
Prefectures
Fix-mounted 
(kWh/kWp.y)
Single Axis 
Correlated Data
Florina 1490 1865,5
Kastoria 1450 1815,4
Rethymno 1480 1853,0
Arcadia 1580 1978,2
Lesbos - -
Fhthiotis 1490 1865,5
Phocis 1590 1990,7
Chania 1480 1853,0
Cyclades - -
Achaea 1770 2216,1
Samos - -
Messenia 1640 2053,3
Chios - -
Heraklion 1640 2053,3
Lakonia 1650 2065,9
Argolis 1630 2040,8
Voeotia 1520 1903,1
Dodecanese 1820 2278,7
Lasithi 1620 2028,3
Corinthia 1710 2141,0
Euboea 1580 1978,2
Rhodes 1820 2278,7
Attica 1510 1890,6
Table 6 can lead easily to an illustrative depiction of the single axis PV system performances at all Greek 
prefectures in order to obtain a better feeling of the results. This is a useful tool for a quick and reliable view of the 
electric energy potential produced by a Single axis PV system in every Prefecture in Greece. The corresponding 
coloured map is shown in Fig. 4. This is the first attempt of a Photovoltaic Energy Map of Greece for Single axis PV 
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systems. The map presents the energy production capability of each prefecture in colours according to their 
performance as studied, mainly because of the different meteorological and local microclimate data.
Fig. 4: Photovoltaic Energy map of Greece for each prefecture for Single Axis PV systems (values are in kWh/kWp)
3.6 Comparison between Fix-mounted and Dual axis, Real (measured) energy data
The examined sample was derived from eight (8) prefectures with both Fix-mounted and Dual Axis PV systems. 
Annual measurements from thirty nine (39) PV plants equipped with a dual axis mounting system and annual 
measurements from thirty five (35) PV plants with fix-mounting systems were used in order to obtain a reliable 
comparison. In Table 7, the Real (measured) data comparison between Dual Axis and Fix-mounted PV systems is 
presented.
Table 7: Real (measured) data comparison between Dual Axis and Fix-mounted PV systems
Prefecture
Dual Axis 
Real (measured)      
(kWh/ kWp.y)
Fix-mounted
Real (measured)       
(kWh/ kWp.y)
Ilia 2032 1680
Serres 1988 1560
Karditsa 2059 1500
Evros 2090 1470
Kilkis 2044 1520
Trikala 2048 1521
Magnisia 2072 1490
Rodopi 2043 1437
Average 2047 1522
Difference in Percentage:  34,5%
The average difference percentage between the average performance of dual axis and fix-mounted PV systems is 
34,5%. In order to find out the performance of dual axis systems for all prefectures in Greece, it is necessary to 
deduct the above resulted difference to the fix-mounted PV systems at all the rest prefectures. The results of this 
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correlation are shown in Table 8, where the correlated values of Dual Axis PV plants for all Prefectures in Greece 
are presented.
Table 8: Correlated energy production for Dual Axis PV systems
Prefectures
Fix-mounted 
(kWh/kWp.y)
Dual Axis 
Correlated Data
Drama 1510 2030,5
Xanthi 1500 2017,1
Lefkada - -
Kavala 1440 1936,4
Kefalonia - -
Thessaloniki 1480 1990,2
Zakynthos - -
Corfu - -
Pella 1640 2205,3
Imathia 1580 2124,6
Limnos - -
Arta 1620 2178,4
Preveza - -
Ioannina 1670 2245,7
Chalkidiki 1520 2044,0
Grevena - -
Thesprotia - -
Pieria 1420 1909,5
Larissa 1550 2084,3
Aetolia 1620 2178,4
Kozani 1520 2044,0
Evritania 1450 1949,8
Trikala - -
Prefectures
Fix-mounted 
(kWh/kWp.y)
Dual Axis 
Correlated Data
Florina 1490 2003,6
Kastoria 1450 1949,8
Rethymno 1480 1990,2
Arcadia 1580 2124,6
Lesbos - -
Fhthiotis 1490 2003,6
Phocis 1590 2138,1
Chania 1480 1990,2
Cyclades - -
Achaea 1770 2380,1
Samos - -
Messenia 1640 2205,3
Chios - -
Heraklion 1640 2205,3
Lakonia 1650 2218,8
Argolis 1630 2191,9
Voeotia 1520 2044,0
Dodecanese 1820 2447,4
Lasithi 1620 2178,4
Corinthia 1710 2299,5
Euboea 1580 2124,6
Rhodes 1820 2447,4
Attica 1510 2030,5
Table 8 can also lead easily to an illustrative depiction of the Dual axis PV system performances at all Greek 
prefectures in order to obtain a better feeling of the results. This map is also a useful tool for a quick and reliable 
view of the electric energy potential produced by a Dual axis PV system in every Prefecture in Greece. The 
corresponding coloured map is shown in Fig. 5. Again, this is the first attempt of a Photovoltaic Energy Map of 
Greece for Dual axis PV systems. The map presents the energy production capability of each prefecture in colours 
according to their performance as studied. It is important that the Energy maps illustrated in Fig. 4&5 have almost 
the same distribution. The more north and east the site in Greece is, the more Energy is produced.
Fig. 5: Photovoltaic Energy map of Greece for each prefecture 
for Dual Axis PV systems (values are in kWh/kWp)
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4. Conclusions
The purpose of this extensive research reveals that the real measured energy production for both Single and Dual 
axis PV plants is significant higher than the simulated results from PVGIS software. The examined sample was 
derived from eight Greek prefectures for both Single and Dual axis PV systems. In particular, Real measurements 
have been taken from more than 40 single and more than 80 dual axis PV plants all over Greece, while these
measurements are being compared to the simulation results for each corresponding site. The study consists of 4 
different comparisons, the main results of which are:
a) Single axis vs Dual axis systems, Theoretical (simulation) comparison: 1,34% - 2,27%, considered as very low 
compared to the expected according to literature, a fact that shows that the theoretical approach followed by 
many engineers and researchers is not always reliable.
b) Single axis vs Dual axis systems, Real (measured) data comparison: The average difference percentage is 8,47%, 
which can be considered as rational and expected.
c) Single axis (simulation) vs Single axis (measured) comparison: The average percentage difference is 21,69%. 
d) Dual axis (simulation) vs Dual axis (measured) comparison: The average percentage difference is 29,48%.
It is significant to point out that there is a huge divergence between theoretical results provided by available 
simulation software packages and real (measured) operational data. This is a fact that must be taken into account by 
all engineers and scientists that perform similar studies for investors, banks and insurance companies.
Finally, in this paper an attempt to provide two illustrative maps of photovoltaic energy yield per prefecture of 
Greece concerning single and dual axis PV systems was made. These maps can be a powerful tool for fast and 
accurate predictions of the expected annual energy yield of Single and Dual axis PV installations in Greece.
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